L eg muscular power is a neuromuscular attribute linked with balance, falls, and the maintenance of functional independence of community-dwelling older adults. [1] [2] [3] For the purposes of research, leg muscle power is typically measured with specialized and expensive exercise testing equipment. A more clinically feasible and inexpensive test that has been advocated for use in ambulatory clinical settings and large-scale clinical trials is the stair climb power test (SCPT). This test has been utilized as an outcome in a variety of clinical trials addressing hip or knee osteoarthritis, [4] [5] [6] stroke, 7 and diabetes. 8 Also, it has been used in trials aiming to improve muscle mass 9, 10 and physical function, 11 and to prevent fall 12 in healthy and mobility-limited elderly.
The SCPT is viewed as clinically feasible and low cost because the pieces of equipment required to conduct it are only a stopwatch, a scale to measure a participant's weight, and a flight of stairs. The SCPT test was originally validated using a full flight of 10-11 stairs, 13 which may not always be available or feasible for use in ambulatory care settings treating vulnerable patients. However, many physical therapy clinics have training staircases with a small flight up to 4 steps, which is available commercially and easier to utilize within clinical settings with limited space or without simple access to a full flight of stairs. Two clinical trials have used the 4-step stair climb test as an outcome to examine the changes in leg power after exercise interventions. 14, 15 However, the psychometric properties of this simpler mode of stair climbing power testing have not yet been evaluated. Therefore, we sought to examine the test-retest reliability, validity, and minimal detectable change of leg power measured on a flight of 4 steps (4SCPT) among community-dwelling older adults at risk for mobility decline. We hypothesized that the 4SCPT would be reliable and valid when compared to the standard SCPT as well as other established measures of lower-extremity power and mobility.
Methods

Participants
We conducted an ancillary cross-sectional analysis of baseline data from a clinical trial (ClinicalTrial.gov Identifier: NCT02580409) of exercise among community-dwelling older adults. This ancillary study was initiated after inception of the larger clinical trial from which it was derived. Therefore, the final 50 participants recruited into the clinical trial participated in this ancillary study. This study was approved by the Institutional Review Board at Spaulding Rehabilitation Hospital. Participants were recruited from primary care practices with the following inclusion criteria: age ≥65 years, ability to speak and understand English, difficulty or task modification with walking ½ mile and/or climbing 1 flight of stairs, no planned major surgery, expectation of living in the area for ≥2 years, Short Physical Performance Battery (SPPB) score ≥4, and able to finish 400 m walk test within 15 min. Exclusion criteria included: significant visual impairment, uncontrolled hypertension, lower-extremity amputation, supplemental oxygen use, myocardial infarction, major surgery in the previous 6 months, Mini Mental State Exam (MMSE) score <18, Short Physical Performance Battery (SPPB) score <4, and not able to finish 400 m walk test within 15 min.
Procedure
The baseline evaluations were given on 2 separate days at participants' convenience. The time lag between the 2 evaluation visits was an average of 10.9 ± 7.3 days (mean ± SD). On the first testing day after providing informed consent, participants underwent an MMSE, comprehensive history examination, SPPB, and 6-minute walk test to confirm the eligibility for participation. On the second testing day, each participant underwent 4 leg muscle power tests, including SCPT, 4SCPT, and single leg press power tests (at 2 intensities) consecutively. Rest periods were offered to participants between every test of the study assessments. All of the physical assessments were performed by a physical therapist (with more than 3 years of working experience with older individuals). Each SCPT and 4SCPT was performed 2 times for each participant, and the average of 2 repetitions was used for analysis. The first trial was followed immediately by the second trial. If participants used the handrail in the SCPT, they were asked to use the handrail in the 4SCPT.
Leg Power Measures
4SCPT. Participants were instructed to ascend a flight of 4 stairs as fast as they could, and were allowed to use the handrail if they thought it was necessary for the purpose of safety. They stood at the base of the stairs and started climbing when the tester said, "Ready, set, go." Timing began after the tester said "go" and stopped when both feet of a participant reached the top step. Stair climb power was calculated with the following formula: power = ((body weight in kg) x (9.8 m/s 2 ) x (stair height in meter))/(time in seconds), where the height of the full flight of stairs was 0.762 meter (30 inches).
SCPT. This test was conducted as previously described, which is identical to the 4SCPT except the flight height is different. 11 There were 10 stairs for this test, with the total flight height being 1.985 meters. 13 Single leg press test. A pneumatic leg press resistance machine (Keiser A420, Keiser Sports Health Equipment, Fresno, CA) was used to measure peak power performed at both 40% and 70% of the 1-repetition maximum. First, participants had their 1-repetition maximum (1RM) measured separately for each leg. This was obtained as previously described 16 by gradually increasing the load, based on their perceived exertion level using the Borg Rating of Perceived Exertion Scale, 17 until the maximum amount of force could be generated in 1 maximal contraction through the full range of motion. Once the 1RM was obtained, single leg press power was measured by completing 5 repetitions with each leg at both 40% 1RM and 70% 1RM. The peak power at 40%1RM (SLP40) or 70%1RM (SLP70) was recorded as the best of 5 repetitions with either leg at the corresponding resistance. For each trial, participants were told to exert force as fast as possible during the concentric phase and move slowly through the eccentric phase. The software integrated in the Keiser pneumatic resistance machine calculates work and power only based on the outgoing stroke (concentric phase) of each trial by sampling the system pressure (force) at the cylinder 400 times per second and recording the distance traveled by the piston. Therefore, the data was only collected during the concentric phase of the muscle action. 18, 19 Mobility Performance Measures SPPB. The SPPB comprises 3 subcomponents: standing balance, habitual gait speed (HGS), and a 5-repetition chair stand test. 20 The standing balance component includes scoring based upon the ability to perform 3 progressive standing positions (side-by-side standing, semitandem stand, and tandem stand). For gait speed, participants were asked to stand behind a line and then start to walk at their comfortable speed across a 4 m distance. Timing starts on the "begin" command and stops when 1 foot crosses the end of the 4 m course. Two trials were performed for each participant, with the fastest of the trials being scored based on time. The 5-time chair stand test requires participants to stand up straight and sit down as quickly as possible, without stopping in between. Participants keep their arms folded across the chest. Performance on each subcomponent is scored between 0-4 and added to yield a composite score ranging from 0-12, with higher scores indicating better performance. The SPPB is a reliable and valid measure of lower-extremity performance and predictive of disability, hospitalization, and death. 21, 22 HGS. The HGS was derived from the subcomponent of SPPB, in which participants were instructed to walk at their usual pace over a distance of 4 m, and was calculated as 4/(time in second). Gait speed is also predictive of disability and mortality. 21, 23 
Statistical Analysis
Statistical Analysis Software version 9.4 (SAS Institute Inc., Cary, NC) was used for analysis. A total of 50 participants were included in the data analyses. The assumption of normality, by using the Shapiro-Wilk test and KolmogorovSmirnov test, was tested to evaluate for influential data points. The test-retest reliability of the 4SCPT was measured by using intraclass correlation coefficient (ICC). The first and second measures were used to calculate the ICC(2,1). The value of ICC can be interpreted as those above 0.75 indicating good reliability, those between 0.50 and 0.75 indicating moderate reliability, and those below 0.50 indicating poor reliability. 24 Bivariate Pearson correlation analyses among leg power tests were conducted to evaluate: a) the concurrent validity (the degree that a measurement correlates a standard measurement) of 4SCPT, by comparing it to the reference standard test, SCPT; and b) the criterion validity (compares a test with other measures already held to be valid) of 4SCPT, by comparing it to SLP40 and SLP70 values. Meanwhile, linear regression analysis was used to evaluate the agreement between 4SCPT and SCPT, with 4SCPT as the predictor and SCPT as the outcome. Bland-Altman analysis was used to show the amount of difference between the 2 stair climb power measures. The Bland-Altman plot is a scatter plot of the variable's means on the horizontal axis and the variable's differences on the vertical axis. It also includes 95% confidence intervals of the mean difference.
The convergent validity (the degree that a measurement is consistent with other measurements) of 4SCPT was evaluated by examining the relationship between each stair climb power test and measures of performance-based mobility. Separate linear regression models were constructed to evaluate the contribution of each stair climb power measurement (4SCPT or SCPT) to either of the 2 mobility tests (SPPB and HGS), adjusting for age, gender, weight, and height. The significance level of the following analyses was set at .05. As part of post hoc analysis, we evaluated the correlation coefficients with the chair stand and balance components of the SPPB using Spearman correlation analyses in order to understand which components were most strongly associated with the 2 SCPT tests.
Finally, the minimal detectable change of 4SCPT was measured by using standard error of measurement (SEM). Minimal detectable change is an estimate of the smallest amount of change that can be detected by a measure that corresponds to a noticeable change in ability. It was calculated as MDC90 = SEM*1.645*√2, 25 with 90% confidence intervals, where the SEM = SDbaseline* √(1-r) and r is the test-retest reliability. 15 
Results
Demographic Characteristics
Participants had a mean age of 77.2 years and were predominantly women (52%) and Caucasians (92%) ( Table 1) . Participants had a mean SPPB of 8.6, and a habitual gait speed of .86 m/s. Thirty-eight (76%) of the 50 participants used the handrail during stair climb tests (4SCPT, SCPT) because of self-perceived safety concerns.
Test-Retest Reliability
The 4SCPT test-retest reliability revealed an ICC(2,1) = 0.951 with the 95% confidence interval ranging from 0.920 to 0.972 (P < .001).
Concurrent Validity
The Pearson correlation coefficients between 4SCPT and SCPT are excellent, with r = 0.96 (P < . 001). Figure 1A shows the regression line between 4SCPT and SCPT, and Figure 1B shows the Bland-Altman plot. The average of the differences between 4SCPT and SCPT was 14.8 watts (95% CI, -47.6, 77.1, P <. 001). The regression model showed that 1 participant was considered as an outlier for the high value of SCPT (555 watts) according to a Cook's D value of 1.2, where R 2 = 0.91, P < .001. The regression equation was SCPT = 0.2 + 1.06*4SCPT. When the analysis was repeated excluding this value, the findings were not materially different, except the mean difference between 4SCPT and SCPT was decreased to 12.0 watts (95% CI, -38.0, 62.1, P < .001). The regression analysis yielded an R 2 at 0.92, SCPT = 12.0 + 4SCPT, P < .001.
Criterion Validity
The correlations between 4SCPT and SLP40 or SLP70 were 0.85 (P < .001) and 0.86 (P < .001), respectively. And the correlations between SCPT and SLP40 or SLP70 were 0.85 (P < .001) and 0.87 (P < .001), respectively. Table 2 reports separate multivariable linear regression models predicting both the SPPB and HGS. Within models adjusted for age, gender, weight, and height, the 4SCPT described (adjusted R 2 = 0.31, 95%CI 0.12, 0.50, P < .001) greater variance with the outcome than did the other models using other leg power measures (adjusted R 2 = 0.23-0.25, 95%CI 0.05, 0.43, P < .05). Within multivariable linear regression models predicting HGS, stair climb power measures explained similar levels of variance with the outcome (4SCPT: adjusted R 2 = 0.41, 95%CI 0.23, 0.59; SCPT: adjusted R 2 = 0.42, 95%CI 0.24, 0.60, P < .001) and greater levels of variance than with models using the single leg press measures (SLP40: adjusted R 2 = 0.28, P = .01; SLP70: adjusted R 2 = 0.31, P < .001). No change in regression coefficient was detected after excluding the outliner. Within our post hoc analysis, we found that the correlations between the balance components of the SPPB and 4SCPT or SCPT were 0.19 (P = .041) and.22 (P = .039), respectively. And the correlations between the 5-time chair stand time and 4SCPT or SCPT were -0.14 (P = .45) and -0.07 (P = .13), respectively.
Convergent Validity
Minimal Detectable Change
The calculated SEM for 4SCPT was 18.9 watts, and for SCPT was 19.6 watts. The calculated MDC90 for 4SCPT was 44.0 watts and for SCPT was 45.6 watts.
Discussion
The purpose of this study was to evaluate the psychometric properties of the 4SCPT, a simple and clinically feasible means of measuring lower limb muscle power. Within our sample of mobility-limited older adults, and in comparison to more standard measures of lower limb power, we were able to observe excellent reliability and strong validity of the 4SCPT. Similar values of the standard error of measurement and minimal detectable change were found to those observed with SCPT. Taken together, these observations strongly support the reliability and validity of using the 4SCPT as a clinical measure of lower limb power.
Our analyses of concurrent and criterion validity support the use of the 4SCPT among mobility-limited older adults. The 4SCPT was strongly correlated with SCPT, SLP40, and SLP70, identifying it as a valid test of leg muscle power, as SCPT and single leg press test have been validated to test leg muscle power in older populations. 13 With regard to the convergent validity, we used well-established measures of mobility (ie, SPPB, HGS) that are predictive for the development of important adverse outcomes such as disability, institutionalization, and death. It is important to note that the model with the 4SCPT described more variance in the SPPB than did the SCPT (adjusted R 2 = 0.31 vs adjusted R 2 = 0.23). In other words, performance of the 4SCPT is more closely associated with components of the SPPB than is the SCPT. The relatively equivalent strength of association with HGS suggests that much of the difference between 4SCPT and SCPT with the SPPB may be due to stronger associations with the balance and/or chair stand components of the SPPB. To evaluate this, we performed a post hoc analysis and found a stronger and statically significant association between chair stand and 4SCPT (r = -0.14, P = .045) than that between chair stand and SCPT (r = -0.07, p = 0.13), but similar strength of correlation between balance component and the 2 stair climb tests (4SCPT: r = 0.19; SCPT: r = 0.22). Although the confidence intervals of the variances in SPPB explained by 4SCPT and SCPT overlap to some extent, the significant correlation between chair stand and 4SCPT may indicate a stronger correlation between SPPB and 4SCPT. This suggests that in comparison to the SCPT, the 4SCPT, with its shorter flight distance, may be more functionally compatible to the chair stand component of the SPPB. Chair stand performance is predictive of injurious falls. 26 Taken together, these points suggest a 4SCPT = 4-step stair climb power test; SCPT = stair climb power test; SLP40 = single leg press power at 40%1RM; SLP70 = single leg press power at 70%1RM.
that the 4SCPT might be useful in the assessment of older adults at risk for fall-related injuries.
We found that the SEMs of the 2 stair climb power measures obtained in this study ranged from 18.9 to 19.6 watts, and the MDC90 ranged from 44.0 to 45.6 watts. This was lower than values previously reported by Beauchamp et al, 27 with an SEM of 27.3 watts and an MDC90 at 63.4 watts for the SCPT.
In the current study, the SDbaseline for the 4SCPT was 85.5 watts, which was similar to that reported by Beauchamps et al (86.1 watts). Since the SEM is partly dependent upon the test-retest reliability (SEM = SDbaseline* √(1-r), and r is the test-retest reliability), it may be that the greater test-retest reliability of the current cohort contributed to a lower SEM value, and therefore a lower MDC90 value. However, the heterogeneity of the sample should also be taken into consideration. Therefore, the MDC90 may need to be further validated within a larger and more representative cohort of older adults.
Timed stair climb tests have been widely utilized as an outcome to measure muscle power and mobility function 29 across a wide range of ages and health conditions. 4, 7, 12, 30 The 4-step training staircase is common among outpatient rehabilitative care clinics, making the potential for lower-extremity leg power testing widely feasible in the care of older adults. A systematic review 30 has suggested that a longer flight of stairs may place greater demand on cardiovascular capacity, thereby potentially limiting test performance by factors other than leg power. 31 Also, from a practical standpoint, it may be easier for a busy therapist to conduct the 4SCPT, given the greater ease with guarding potential falls and shortened test duration. Commercially available 4-step training staircases currently cost <$1000 and take up approximately 1500 square feet, further underscoring the feasibility for busy clinics across a variety of care settings to provide this mode of testing.
This study has several potential limitations. Our study had a small sample size and the majority of the participants are Caucasians, so it may not generalize to other samples of older adults. Also, as a single tester made all the assessments, the interrater reliability of 4SCPT is unknown. It would be worthwhile confirming these relationships, within a study of larger and more functionally diverse sample that evaluated the 4SCPT ability to predict adverse outcomes relevant to rehabilitative care such as functional decline. Also, there are several strengths of this study. We conducted our study within a vulnerable population, older adults at risk for mobility decline. They manifested a mean SPPB score of 8.6, which is consistent with a moderate risk for adverse health outcomes. 20 Based upon the severity of their mobility status, these are individuals for whom outpatient rehabilitative care would be clinically indicated. Also, we compared the test of interest, 4SCPT, with other measures of leg power and compared them with other important physical performance tasks.
Conclusion
The results of this study showed that the 4-step stair climb power test had excellent test-retest reliability (r = 0.95) and provided evidence of the responsiveness of stair climb power measures. The criterion of MDC90 (44 watts) could be used to determine a real change within similar populations. Our findings support the contention that the 4SCPT is a valid measure of leg muscle power, feasible for use in a variety of clinical settings. a 4SCPT = 4-step stair climb power test; SCPT = stair climb power test; SLP40, SLP70 = single leg press at 40% and 70% 1-repetition maximum; SPPB = short physical performance battery; HGS = habitual gait speed; CI = confidence interval.
